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(54) SEMICONDUCTOR INTEGRATED CIRCUIT 

(57)Abstract 

PURPOSE: To enable high integration by setting a voltage, which is lower among 
voltages applied to memory elements, lower than a voltage applied to a peripheral 
circuit 

CONSTITUTION: An external voltage Vcc is inputted to a substrate voltage 
generating circuit 20, which generates, for example, -3V as the bias voltage of a 
substrate 10. The degree of integration of a memory is determined normally by the 
degree of integration of a circuit part 40 consisting of the peripheral circuit 
connected directly to a memory array. For the purpose, the operating voltage of an 
MOSFETQm is lowered to reduce the size of the FETQm. The circuit 50 consisting 
of other control circuits, i.e. circuits controlling peripheral circuits directly, on the 
other hand, occupies the total area of the chip by about 10%, so an MOSFET of 
small size need not be used specially. Therefore, an MOSFETQp of large size is 
used to set the drain voltage of the FETQp to the voltage Vcc higher than the 
drain voltage VDP of the FETQm. Consequently, the voltage Vcc is used as the 
operating voltage to enable the FETs Qp and Qm to operate. 
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±iex- * m\zmu s nfc y u 9- y - ->* hiss -t * ©^ 

W >Sfc«V-XAi±IEx-^^(-^^tlfc h =? > 10 



£f -5 ffl$®JE35 £ m SS * ±iE ^ y -y± \z $ <~> \z Afit b 

±12 "7 - h* U omvm \z ±|S V - F <=> ±15 

-7- HUCRHDan*"?- K*tn£»«Ett±fBl*3SI5«JE 
* #JEE-f 5 C <h \z <£ 9 £ s£ £ ft. 

^#JEtC«fc^±t2'7- FaUMMBBEttJbBx— ^IfcfcBl 
Sn*ft-5±tBl*lgCSJE±0*^^flU-l9:)eSftfc^t* 

±fcrtffl5S^«mttlJ&£5£(tSftfc«BET;&* 

8t®gs. 
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[tt*^3] JJRttV-tMt 1 :?© h5>> ? X37i 1 

«ci £#wi»#©ssBSg 3 m&m.o*m&mm® 
ss. 

*icBtt©¥«Mt*«iiiift. 

^fc«*Sftfc £ <h£#8&£-r3<&fFll#©SeBS§ 1 
[5SiJi©SMIB&ift9i] 

*^bj«. Ksg«©*fSii]88cwL, toe, itsss© 

ft*. *i#^tiJOB*«ftOfc»i:. #g8BS51-10 
4276T«, 2a©y-hKflSfWt2«oy-h«J|»S0 

B850- 119543(Cte, ^t'J7 U— Sfl5©Si^® SrESiSan;: 
* «k 0 /h tC b T JMftft * IS] ± £ * S **« ^ S tlT l» 

-5WJE*VjN^<^:t?Tb*5. 40 

je ulsi©/w^— ^©«S£>fcW*nsft*« 

JE) tt. *^EU *mfS.?Z> h?>^O^S^C 
X. ±&©fi£*SlfiK:«fcr3Ttt. «^nai5*EE*fflt»a 
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Classic * ^t«. ^^u-feji'^^v^aJaafxSEEJ: 
o is < £ s nfc to sb«be ic <fc o t ftfls £ -a- 5 H 1 1 

9 U \Z te-fe > 7> 7 > ^ -h -f 'J V - 0SS t 

•f u * — «ff t * £ © <fc 5 5rr*i«& 

Kf4»7-H»B»«£Et**<-rtltfA^©-C. *7-K 
C^gRS««£E^<£ < tt r> tz.n \Z Z. ft £> CD«^,W#tt^ 

ffi«to<s<^'fkSftfcwa5mmc«fcoTi9:5e-rstsii 

RUB 4J J: » # a IB 3&»* < & o T b * 5 t * 5 W « 
*fg^#CD^tCJ:-pT^5.^<h^ftfc. 

-^©3t;!&«**7if£&5rr&©T> x-^^ro^a 
#3c©iH»«a©**&«irr*fc»fctt. ^-^^ 

i|ii»fl£^*UO»*«*©i«^:»4i| £ i»#^y7 r » 

«* t> u < tt h k >«* t a« t © n ©PNtt ■& © u — 
< L.^^ft^e.^^tm^pgsfein^ii-^e'^i^ft 

3 ft. ^ ; EU-tr;P^e.©K*-Hibm£E^i!)*3<fc 
^ ^ 'J -fe © S # & frnE£.^W)tfUi&. ^ ft iS5 , 
<£tB»S*©¥##:*S{lHlK*S^TS^tCSS. 

c^s^^ft-r^fe«e)©^©D 
±$m*&&ffif%m*mf&Tztcit>iz. zn 
e coihik*^ \z5-z.z>nmn&.x\tz\ti e> ©niKfct ^ 

T^^^ft-5fi^filE«. HIS§^ : F©^ft4'J^< bfe 

(1) -»(C^iffi[5l8S©rt, ^ffiAASS^tca^Sftfc 
lHlK^©©JEttii5<^^ft«^e.J5:'' i . C©SS3Tfc^ 
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(2) *«lHll^rort. rtg|50lElK«Wai©^<i:<, Tj-j* 
V»»4-tn6 K J: D5B4*n*«<*«£E©tt«:/h* <■*•* 

m\ i lctsiff^A^^n, 312© ess tec 

*1©E»*JR1 3*U »2CliBi 

BBS t ±Er- * «S S tlfc yj 5 1 -v - i?m& t « 

w >a^ttv— xtfiE^— ^wcattsnfc f 5 > 

ffiatffi£©te&±<B<fc€?Kte±Efl-8B«®SEE<fc 0 fc/h 

j^ft«ffi^±©<h£K:tt±E^&^S«JEE<Z>®BE&»J© 
S <fc 9 ^-omffi^lfjW A^ 3 ***3 t»rt««ffi*5S 

±85-7— H^C5S*?B$(C±IE7— F«jU£ffijHIB&a>S±E 40 

K#mic=ts±iB'7- H^»mjEtt±iax-^«»»cFP 
iraan-s -hErt»«E «t DA£& MtRitaftfcii 

±m<D£?iz®f&i,izm%:. «i. *2©iai&tt. 

SS^W't'T^. m2C5lH]SSA t £«e) ; 5ffia^€l' 1 fc 50 
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H«lllS^#4:UT*fca:*»cK*S[fl:**Bin«. 

HBti ^^©tt^s^ffcj&opaix^io*^^ 

-5. NiOtX^^yX^ (MOST) Qp©y— hlMbil 

t. o x z 
«M0ST,Qm©y— FKflSlK 

t D«i 

iO)|<Sn. MOST, Qp© HH >DptC«, ffiti H L^-f 
>i|JEE, fc£A«**«EEVcc <fci*.«5v) #ftf&3 
n, MOST.QmOH W >Dmtc:tt, COtlBEVcc^A^Stl 
*rt8BSilS«JE38±lH!B&30 (cnii*l5i:IJ- SlSlOft 
CJ&jfcSnTV**) C<fc0, Vcc«fc9fi^*EEV D p (fet 
Atf3.5V) iWt»3ftTV>S. 

^ge®JEVcc«, *««£E^^lHlSS20tCA^3n» ~C 
TS«10©m 7 X«ffi;t£*J;f-3V£f££-r&. & 
*3, IslS§20te, S«10<D^ePCffia3tlT^**i, 

■f) ts.z<D. *=EV7u—\zm.mmmi£nT^2>mm® 

SS (iS^^aielK) fr*>fcZ>$& 1 ©|§J8Sg&40<Dm8l3n! 

Ufc*»oTiloaJ»©IIOST,QiD©^ffiSe/ha < 
Ufc^i. CCD^-ftttMOST.QmcDffiffi, M 

CTIi, MOST,Qm»y-h^{bK 

t O X l 

<&^i<L, HK>«£EVccJ:D«^«fl£Vi)ptU, ^-V 
^;VS*S*>< L.M0ST,QmCOT|-SS:/h3 <-r-S>Cl 

SLTtiS. ^jife, y— hGmronjEw^^ttfe— petite 
soias»iaiai5«:iHW-r*i3is (mttnaioK) *^ 

tt*SB2©EK«S0»4. 5 i 5'^frlC t 5iii>^-^W®ffl« 
i^l0%-Cfe-2>*^, ^C^-te©/jN37SM0ST*ffip^t> 
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* fc^o C<Dtztb\Z\Z-mzZLZL OMOST Q?<D5*- hftft 
K 

t o x z 

t 0X2 
t OXi 

.fcfl/KU ft*;Vfi*fi<tfcuti:ffa:^ Qp<£> 
KH >iEt» QnOFW >«EEV D p<fc DiS&VW C c£f 

<5o ft*3, Qp,QmCr>y — XSp, Smtt^t"*lt>T— X«ttK 

y 7U— £jtgBSll§!&A>Sfc:S* 1 co[e]g§g$40<£M0ST 
QBOTl-tttt^S< U IHIHJBaisI18*>Sfc**2<&lHl 

(Vcc:fc<hA«5V) *ftfls*EE fcf « C i K «t o T> MO 
ST.QpttftflniJtetfc*. SfcWi. Vccft^y 
EMIT, ctD«^»fP«EE (V»:fciAtf3.5V) T 

&*niviii*)ft<3te*«>"e, /tuciffa*!:**^ 

U T**5SttKiifl: t ^ 5 J*"C «t 30 

S^tUT**. CKD^Uta, ^««JR«JEVcc (5 
V) ZAJlZnTs »-3V<oa«/W7XSfi£IslB&20 

*««W«ffiVcc#A*SftT, 3.5V<&rtaMHR« 
EEV»45J:at3V©lB[8K«£EV' £fg£^£ftgBSag?i!£ 40 

n^eaiSBEVcc^, *VS&7 FUXAi-Aj,A 
i ' ~Aj ' . W«MWA*sn, rtgPTHl/xm 
^■ai~aj, ai ' ~~aj ' , fi^fH^/^PX (f>o, <f> i, <f>3, 4> 
x.*y*lll*T*nB*«inHBI50i, SJEV DP ,V' , 7 
KUX{§*tai-aj,ai' -aj' , fiflP/WX 4>o, <f> u * 
aKiOttWSft** ^^UTU— MAtit««iZZiatt40 
»«JB2iliIfcK:tt, Xrn-yXD.Yr^- 

^ yd, :/ y g=- * — hbpc. -tr > x 7 > y sa <h £ nx 

tr>*. 2 Hfcfe^T* ElK50Att, WiaJSJaial 
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/i;i/X<f>' 1.*' xtt, n*H3a0B5OrticT**sn 

WJiJiinB*50KA*S*l*^«7FUX« 

*sn5/tMOft, ai~ai,ai' —aj' «l^Tn 

*0. /WX<J>ote. yU^^-^ffl N5>vX^Q P , 
^p,Qdp,Qyo,Qxo, LSmt*Vth£T*£* Vop+VthJ: 

®§/^7Tfc§, /^;i/X<f>x, <t> y tt»i.5V D p© 
#0&<aiMm«TOffi 0 T& £«> 

^>J7 -MAft cds^ $ nzt* y -fe;nic* &E*fl» 

Tir>X7>ySAJCctD1t^ "1", Tt^^nst^ 
WD.TJtt, yUft-^<()ol:«fc^tVijp «V CC ) 

^ISyU^^-^HttPC+OMOST Qp,"^pOVthCD 

^HBfcfcS (cntt«*ttlbfif^«flSW*l#i:a:*) 
0*B&<&»fcYupckDt>+»**Vi OVop+Vth) IS 

^ y ^$n£:iiiR7— \*&w±<d* : e y ■fe;nnc*tt#-tti 

JBEVcc) 3W«7-H«ffi**IilBWGfcaiibOSn*. -<£>0# 
^3-^XD«-TTtC7 KUXai-aj (C^oTjl^^nT 

0.5VnpS«tt^Iffi-e»*. Lfc*«^TWfc»4l.5V 
D pSSOlgi|@^/t;l/Xx)^-rSo HRf^» 2HTtt*B& 
Lfc3&«, H^|BIffi(7>lHl?§fCi:oT^^-7-HSDW^ 5 fo 

i.5VDpcD/^;i/xmffi^^-r^p cn^(CcfcoT, i3»« 
n-5o 
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- D icliElf 1 1 D i:Sbnft«ME 

D p-Vth (CCTYthttdA f IlA©Vth) KfcoTH«*3 
Xai' -aj' H£oTil#?£ft (bfc^oTQTS©* 1 — 

k«ee*«»V''<;w . *y («««— i.5Vdp) ««RPHpa 

STlHO^tUTft WaU&i'SK:, YccSrSYfcli 

fi«JS52iEl&&StffclMOST SA, PC, XD, YD, Qxs, 

Qys,Qd,"§d,DC,Qcl) ©WfMIEEftTtfftl*, CtlStt 

Bmona^fc /hav^tt©*^ (mos 

tm#a*'jN ic & * a s * * l -c *> lEfff & 
ft* (»2HocB.c s tt£) « ^^pt^> 

«|J7 U-^ttS^ffllHlSSSBTffl V> 6 ft* t H 3 Z. £ 40 
@ hKflSlRO/jNttSMOSTOLiVthftiO/hC'r 
3T^»{fcK**»«WKiffi;L* 21 ifc J: 0 , MOSTO-flg 
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MOST Qbi, Q a? 

©±«*«*tf AlEIWA*»3feo T^T, *ft£K«EE#« 

BMnanT^afr*. *fc— 3&<&most<d h w > 
D ax 

S D2 

Q at Q D2 

tWjlWK^IiTSaS^MLptt. WAKlBttDSft* 

BE. t0P*&*BE, L P tt>MCT«». Lfc**oTt« 
— fi©fefcT**9i*«fflTft»iVi»»a/h"C*S*6, L 
P tt<MCT«, WIMMbTfr*. ^fcLp-^Ofc^Ttet 
opS/MCT**^, gl^W^Brffi^"Ct^o Life 

W£*€r< ITfplt^^n^o fcEAfrfQaft 
Ett*0> FW > • V— XIBICl-5V»©JK«JEE3if«JPtoa 
fr6, **S:ifJS6OM0ST*«53tt^<OX*t)^BT* 

ir>XT>7 p SAT^> Qa,Ua**D*S < 

So 

JSDTa-^ili:ttpIfi6T*a. fcEAfcf, xj^>t 0 ptt* 
HO cfe 5 K 2 ffiH Lfc**«*«WO«J«3W«k*«S** 

B*fl!)L*-r*6» laic-raciifepjffiT* 
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->3 >I^)Nft >*;l/MOST (Vih=-3.5V) Qdn£* £ 
OM0STOV-xmS«:«««£Efr** tt*©/W*JB 
£BBPG£;^£>&£o A*/x;!/X«£E*x' . * i' O 
fifittVccTfcSd*. ryi/y>3 >MOST,QdnIC<£oT 
aj«fl!)«ffi3W + 3.5Yt«»Sn*. 7-H«£E«*SBS 
WGrttt/W^fBlfclelBPGtt. A^J/I^Atfx' <D±L±& 
DfcffiSLT* HBEVdp ( = 3.5V) <*> x £tti;b 

ggPGte, A^A^X^T (SffiVcc) 0>£±**Ofc:* 10 

DP<h&£ (S4H) - ST, ^CTIil^PGOHj^mJE^ 
»5Htt^aS«»«EEVcc^»TSrt»«JEV» 
(24#tt£^Lfcfc<7>Tfc£o rt««ffiV w ©a*fflttMOS 
T (tafOVth^«kt>T-«»^ftS*OT. rt^mJEVop 

«ffiVfttrt«mjEVDpO1.5«<0«ffiT*S*>6, Sg5gi 

^rt««ffiVBpi:IB«K:^»«*«£EVccO« 20 

a etc ajfetanwttMffiJEftfcJ:**^* 

/h^tticT#*ci rtSE*ffiv 
dp^:^- H«K»«flEVw*«n««aB«£EVccK*#bTlB 

»3Bfc«bfcH»WG t vn©rt<» DSNMOSt 
/WX38£lnlBS:flH>T, n»«£EVcc^*U^attift 40 
#-T* AlJ/VVX KJiSSF LT £n<fc 9 V>«JEVdpK: 

gS3BHC^Lfc, H5>^*^QrattV C c«ffi£gttTV 
DP«JE^tH^bT^^>coT, rtSPSagmJE^^lHlSSSO^ 

3 HO«k 3 i: K l^f y-hfc*tt 
^nVcc, 7-7;Sfi^PPJn$n^Vih=-3.5VO^T p l/ 
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«ttEEVcc**»3. 5V£*±Ttt, rt»«jR«JBEV D pJ4tt3. 5V 

^1© h 7 >^X^0 H K > ty- h 4Sf«l/» 

>^X^CDL^£0. 5VtC*rn^ CCD h7>v7 

$8 0lt ^y^rtOWSSHiflllK^-r^T (PG1.PG2 
<D<t>\' , <J>x' , <i>3, ai~aj, ai ' —aj" terete: 

co»^3o*««8R«i&tt*36«+»*ntf, msnm 

Ci.Ci.CiSMftUfcibT'b, YbpO««*»I44»IcP( 

;WX«*HBPG««ftff-r*»^VDptt*»b, 
tt««»*«C»3W*ftltntf*l»IIB»l«T*. Tftto 
"6, ffiJSOPGttffiSJCVDpCO^aill^^T^bS 
ftPG* 6 ttSatttt/W* 6 ftfc: < * S . 

»10H>4, ft«£EOa*^;^*ife*t'raPGt*5T? 
ttViPGft«ttbT«5«^ffl»**"C**. fz£.7L 
tf, PGl»*^ttPG4(Z)ffi*/ , «;i/Att, HttiELfccfc3 fc, 

«-PG*#frr*£, **w«©**opG3j«***nB»fc 

CD^IWU ffi^«&CDPG«||^^fc^ra^^O^»I^ 
r*fc^5J:3K* »fPT««MIB»«ciBCT*fc«)PGW 

Dy£r (<f>i,<J> 2 ) ©*tl*ftfc*t*UT»fP"r*2« 
©PGW^y^WSB^SE^^tottT, «JBE 

<f> i <h<f> 2^H«'t*PGWO I F*tt&<>S:*- 
fcL *12H©J:'5^, A**#*«*0N0)»^lc»ffTS 
PG (PG1.PG2.PG3,-) (hOFFO^^tCKfp-T^PG (PG 
1' ,PG2' ,PG3' , -) iC»»T, T34*)%*OSft3I 

«ttfc»*i/T»fp-r*2a©PG»K»WT, ^n^n 

y irffl/X;l/X»*HB*ffll*TttWr*. ^ 
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<J>ott««ffi (OV) 3^6K*ffi (Vcc) 

tt, Sgl4HO<k5lc^SB*^6<7)«IS&«JBT»SVcct^ 

( fc ^ \t <f> o/ , 0 o 4 ' ) 

Z£ttte£*HC, £DffiiiBEi§*I (Vdp) (D/VVXhBiJj 
tC^JOb^V^'&'b&OfiSo CO«^OSJE3>A- 20 

S15B«. *13B©HJ*»fc:*o' ffl<7M>A--^Q L ' 
tQn' **WfcfMObfcfllT*ft. QiwttJB3HtWU 
ryi/yi/a >M0Srt?*5o Sfcl6Htt, Q D <tQ L tCitt^J 
JClBSBItHU^^l^y >^3 >M0ST QDNSrttJJOU * 

*fc»l7Htt, ^160000' Jg3Hl:«t«t5l: 30 

aesEEct 0 fc+jfrK^WEStt*^* :/rtG>» h ? > 

WTiS^fccfc O \Z. rt««JR«ffi*ftEItt30««rta5««t 40 
«JEV D p£SSJE^UTL£5£> ^g&«$CBjE£ii$ < 

X~^>^6Uft<D«^<D*, fct*tff^l/^>3 >M0 

£>n*. r^^>a >mosto<J; 

^-SWlCcfcoT^:/!^ v'a >M0ST Qdn<Z>^-H@BE 50 
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jcttiiaa^BEVEC-rntfcfc^. *i9Btt-?-o**w* 

fc£;Ui^^^RAMTte* «fc<flSftTV* 
'Scfc'Pl;:, 2 ffi(£>^SC# n?£rRAS (Row Address Strob 
e) £CAS (Column Address Strobe) <DM^fc?<^> 

x— 5?>£fttfcJB^ntf<fct>. -r^fo-s^oa©.^*: 

ST(D*S£0*JT& o fcrt*, 9! W^CX > A > XM0STT t> pJ 
fgT*£„ ^cl> r^l/y>3 >MOST©«liHi;a»* 

fc£;Lfri, X > A >XM0STCO V —X K5£«ff V 

op + Vth (Vth:X>A>XM0STOb#^«ffi) ^rfPttT 

««S3^»«. ^»«««ffio*»iCcfc6-r, v D p+vth 
^r^-/y±T-^^-r^>c £\z—mz»sm-e 

±IBOX>A>XM0ST^ffi'5 CiWfSbtfTS^. 

^BM\z^n\i, v-}*m<Dm$im\zv-}zmmW3m& 

«ffiO«ffi*ft<o*« S J: 0 *S £ ft* rt» 

Mft«KO*«*l»jl:-r*ca:*«-Cft, S&^-^HC 
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H gHgffrttEEtt 5 s — * » K * ft * «k 0 * * 

&o. 3Efctt*.mu^iBi«*a*wnt3& t fi**ft. 
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